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NEUTRAL BODY POSTURE IN ZERO-G

SUMMARY

Man's posture in the weightlessness of space differs from his one-g

posture. The importance of this difference received little serious

consideration prior to Skylab data analysis and evaluation. Inflight

crew comments, postflight debriefings, and inflight photography focused

attention on the importance of relaxed body posture as related to crew

station and workstation design. For example, one crewman stated, "Relaxed

body posture gradually changes from the initial erectness (straightened

spine) to a normal forwardly bent erect position. Throughout the three

months, it was difficult to lean forward and fatiguing to hold that posi-

tion, and it was equally difficult to sit in a chair. These observations

should be given major consideration in crew station and workstation

design." (Ref. I)

From the Skylab data it became evident that fitting workstations to the

crew population could greatly influence their comfort, physical well-being

and output efficiency. Workstations properly designed for use in a

weightless environment require that consideration be given to man's

relaxed or neutral body posture in zero-g. This neutral position is based upon

the analysis of a series of 35mm still photos made during the SL-4 mission

under controlled conditions of relaxed body posture. The primary conclu-

sion is that there is a definable relaxed body posture in zero-g and



that the eligible flight crew population can be fitted to that posture,

within a describable envelope. The accompanying recommendation is that

this basic posture be given very serious consideration in future designs

in order to take advantage of the body's most comfortable posture as a

means of increasing the efficiency of zero-g man-machine interfaces.
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PRE-SKYLABEXPERIENCE

Prior to Skylab, U.S. mannedspacecraft were relatively small volume

vehicles. Consequently crew intervehicular activities (IVA) were some-

what limited and the IVA cabin area had to accommodatethe stress of

launch and entry as well as the on-orbit worksites. Consequently, the

crew cabins that preceded Skylab were designed about the seat-bound crew-

man, and short-term zero-g worksites were of small concern. These con-

straints prevented taking full advantage of man's mobility and flexibility

in zero-g. Further, the confines of these spacecraft had somewhatmisled

designers into a false sense of security regarding the effects of zero-g

on posture, and no specific data were taken on how to best design an open-

volume worksite for zero-g interfaces. Thus, Skylab's IVA worksite design

progressed without the benefit of specific flight data gathered in its behalf.

SKYLABDESIGN

For the first time in U.S. mannedspaceflight, Skylab presented the crew-

memberswith large open volumes through which to traverse and with work-

sites and functional interfaces designed to accommodatea standing posture.

Muchof the interior of Skylab was structured to present a standard one-g

environment. This design was not so muchaimed at creating a home-like

appearance for the crew as it was an outgrowth of the convenience associated

with one-g configurations on the ground where the manufacturing, testing,

checkout, and training had to be conducted. Nevertheless, the design of

numerousfacilities aboard Skylab was directed toward a standing one-g



posture and the finished product took on a perspective never before seen

in a mannedspacecraft. Also, contributing to the unique appearance of

this vehicle was the fact that for the first time sufficient volume and

weight allocations were available to allow separate facilities to be

designed for eating, sleeping, hygiene, and working. For example, Figure

l shows a cutaway view of the waste managementcompartmentdepicting

the design of the handwasherand indicating the posture required to use

it. Figure 2 shows the design of the wardroomtable with its combination

restraint system capable of being used as a foot restraint alone, a thigh

restraint alone, or both concurrently. Again, the use position intended

by the design is essentially a standing one-g posture as can be seen from

the dimensioned sketch shownin Figure 3 where the distances are noted

from the zero datum points.

Various worksites were also designed to accommodatea standing crewman

as evidenced by the view of the scientific airlock (SAL) shownin Figure 4.

The centerline of the window on the SALwas located 43 inches (I09 cm)

above the grid floor of the forward compartment, necessitating a standing

type posture in order to operate any experiments located in the SALif

concurrent foot restraint was to be employed on the grid floor.

Another prominent worksite aboard Skylab which was designed to accommodate

either a standing or a seated crewmanwas the ATMconsole. Figure 5

illustrates the standing modeof operation while Figure 6 shows the chair

restraint being used.



Standing Posture Assumed for Handwasher Design

Figure 1
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View of Scientific Airlock in Skylab Forward Compartment

Fi gure 4



Standing Operation at ATMConsole

Fi gure 5
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Seated Operation at ATM Console

Figure 6



II

Figure 7 gives a dimensional profile of this workstation, showing the

various restraint levels available to the crewman by adjusting the posi-

tion of the foot restraint platform. No analysis will be made in this

bulletin of the relative merits of the various restraint systems employed

at the ATM console or other worksites located throughout Skylab. This

subject has been thoroughly treated previously in Skylab Experience

Bulletins 7, 9, and I0. (Ref. 2, 3, and 4)

The worksites and functional interfaces presented in this section are

only a representative sample of the total spectrum available for discussion.

This report is not intended to delve deeply into worksite design, but only

to present a sufficient coverage of that topic to illustrate that worksite

layout can be a serious influence on posture. In many instances, the

worksite or functional interface creates a situation that can only be

solved by the crewman adjusting himself inflight to accommodate the task

requirements. A thorough treatment of worksite evaluation and future design

application of the results will be available in the near future in another

publication.
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SKYLAB EXPERIENCE

The purpose of this bulletin is to quantitatively define the relaxed

body posture in zero-g. The application of this definition will be

left to future publications.
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Data Acquisition

No formal activities were instituted prior to the beginning of the Skylab

missions to acquire posture data. Rather, the opportunity presented

itself following study of inflight film, TV, still photos, and participa-

tion in postflight crew debriefings following the first two missions.

Many comments were offered by the crewmen concerning the tendency of the

body to _,_ant to seek a null or neutral position in zero-g (see Raw Data

Appendix), and the discomfort associated with departing from that neutral

position as a function of amount of departure and the time required to

remain in the posture dictated by the task or the workstation. In order

to document this posture, the SL-4 crew was asked to make a series of

35m still photographs (profile and frontal views) of each other while

in a completely relaxed position. These photos were distributed throughout

the mission to allow analysis of potential deviations as a function of

exposure time to the weightless environment. These full-body semi-clad

photographs are on restricted distribution but are identified in the Raw

Data Appendix by NASA number for those who wish to view the raw data.

Due to the poor quality of some of the photographs, only 12 were used in

the analysis leading to the neutral posture definition.
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Data Analysis

The 12 photographs used as raw data for this report were given a thorough

geometric analysis based on a technique employing anatomical drawings.

Figures 8, 9, and I0 illustrate the method used. Figure 8 shows a tracing

of one of the photographs (NASA SL4-151-5114). To this profile outline,

the underlying major skeletal segments were added, as shown in Figure 9.

This addition allowed identification of surface landmarks based upon

corresponding underlying major joint axes. Connecting these major joint

axes established a body link system as shown in Figure I0. The link system

was then measured to determine the angular relationship between the various

links. This technique was repeated for each photograph and several analysts

measure each photograph several times to smooth out errors in procedure.

The average of these measurements and their associated standard deviations

led to the final determination of the relaxed zero-g neutral body posture.

Results

The neutral body posture in zero-g is that position which the body tends

to seek when completely relaxed and acted upon by no external forces.

The position is quantitatively definable within a reasonable envelope

of deviation and varies within that envelope between individuals and for

any given individual from time to time.
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Overlay of Skylab Crewman Photograph

Figure 8
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The relaxed neutral body posture for zero-g is shown in Figure II. The

standard deviations have been applied in terms of degrees of latitude about

a centrally defined position. The magnitude of some of these deviations,

particularly with respect to the arm, is evidence of a good bit of variance

between the exact posture assumed by different individuals as well as a

lesser degree of variance between any given individual's posture from one

data take to the next. Nevertheless, it is strongly felt that Figure II

represents a well-defined phenomenon that is repeatable, measureable,

and valid as a design tool.

Several items of interest are noted in the posture defined in Figure II.

First, the body has sought a semi-crouched position, neither sitting nor

standing. This is probably one of the most significant points to consider,

for it will reflect in worksite design to a great extent. Work heights will

not be determinable using one-g oriented anthropometric standards.

A new standard, taking into account the zero-g aspects of body reaction to

the environment, must be established if proper advantage is to be taken

of the neutral posture in terms of output efficiency of man-machine inter-

faces. Secondly, the standard one-g line of sight, which is routinely

depressed some lO to 15 degrees below horizontal is even further depressed

in zero-g due to the tendency of the neck and head to droop forward. This

artifact can be accommodated in future designs by a combination of restraint

location and panel layout, but it is worth considering as a design require-

ment. Casual conversation with Skylab crew men following their missions

indicated that some of them were sufficiently bothered by this droop tendency
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to periodically compensate for it by placing the heel of their hand on

their foreheads and forcing their head and neck into a more comfortable

posi ti on.

Am use frequently requires repositioning to accomplish tasks and the Skylab

triangle shoe/grid floor combination forced a flat footed relationship

that didn't account for the 15 degree droop of the foot when relaxed. How-

ever, to insure the most efficient interface design possible these areas

should not be overlooked.

The angle which probably exhibits the most sensitivity to adjustment is

that between the body and upper leg. To close this angle, as was required by

the posture imposed at the wardroom table and the ATM console, brings into

play major body muscle groups and gives the crewman a sensation of being

in the position of having partially completed a one-g situp and then having

to hold that posture. Fatigue and discomfort associated with that maneuver

was the one most prevalent remark regarding posture that Skylab crewmen had

to offer.

Validation and Lessons

An analysis of numerous scenes from the inflight 16mm motion pictures and

TV shot during the missions substantiates the basic hypothesis of a tendency

for the body to migrate toward the posture defined in this report. These

analyses were somewhat subjective due to the difficulty of making precise

geometric measurements without having posed planar views, but the basic



2O

thesis is unquestionably supported by postures seen in the film. Addi-

tionally, a retrospective look at some of the still photographs made in

the earlier missions also supports the results offered in this bulletin.

Figure 12 shows the SL-3 PLT operating an experiment in the SAL, and his

posture is no doubt forced by the proximity of the worksite to the restraint

system, but the general semi-standing crouch is clearly evident. An even

more striking blow is struck for the posture theory when a crewman is

shown doing something that does not require a specific posture or position

with respect to a manned interface and he nevertheless exhibits the neutral

body posture. Figures 13 and 14 fall into this category. Figure 13 shows

the SL-3 PLT working in front of the film vault, but not interfacing with

the film loading station atop the vault, yet his posture (which had no

reason not to be relaxed) is definitely analagous to Figure II. Figure 14

shows the SL-2 CDR reading, in a completely unrestrained position and

the neutral body posture is quite evident. Figures 15 and 16 show the

SL-3 SPT and CDR, respectively, in obviously posed (facing the camera)

photos at the ATM console, and in this type of momentary relaxed environ-

ment the neutral posture is evident.

In terms of lessons about how the design of any given worksite influences

posture, and how that influence can be either good or bad, a few examples

of poor interfaces should suffice to make the point that posture should

become a primary consideration in future designs. Figure 17 shows the

SL-3 PLT forced into an almost sitting posture due to the proximity of
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SL-3 PLT at SAL Worksite

Figure 12
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Figure 13
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SL-2 CDRReading Nhile Unrestrained

Figure 14
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SL-3 SPTat ATMConsole

Figure 15
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SL-3 CDRat ATMConsole

Figure 16
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SL-3 PLT at ATM Console

Figure 17



28

the foot restraint platform (properly positioned for the shorter two

membersof the crew) to the ATMconsole work surface. Figure 18 depicts

the adverse posture required to operate the polaroid camera on the ATM

console. Figure 19 showsa similar posture imposed on the SL-2 SPTto

use the IMSSmicroscope, a generic type task that may appear often in

future vehicles carrying life science experiments. These postures should

be avoided if the most efficient man-machineinterface is to be developed.
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SL-3 CDR Operating Polaroid Camera on ATM Console

Figure 18
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SL-2 SPTUsing Microscope

Figure 19
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POSTFLIGHTVALIDATIONS

A series of postflight evaluations were conducted in the KC-135zero-g

aircraft and in the JSCWater Immersion Facility (WIF) to test the valid-

ity of the results obtained from the analysis of the inflight data. The

film of the test subject's responses in the KC-135tend to indicate a

slightly more erect posture than that found in the pure zero-g environ-

ment, but part of the difference is probably attributable to a combination

of less than perfect zero-g in the aircraft and an unavoidable anticipa-

tion on the part of aircraft-wise test subjects of the impending 2.5g

pullout at the end of each parabola. The WIF postures tended to coincide

quite closely with the inflight data, but an interesting artifact was

noticed concerning WIF-wise test subjects. There seemedto be a tendency

to unconsciously force the posture into someanticipated "correct" posi-

tion, and the cues seemedto be visual in nature. This samephenomenon

mayhave been at work in the aircraft also, but it was not found soon

enough to eliminate it as was the case in the WIF tests. Whenthe subject

in the WIF was "blinded" by masking off his face plate, his posture

changed from "too erect" with respect to the inflight data to "more like"

the posture depicted in Figure II. Figures 20 and 21 showthis difference

very clearly.
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CONCLUSIONS AND RECOMMENDATIONS

I. The human body tends to seek a neutral posture when relaxed in zero-g.

2. The zero-g neutral posture is definable and quantifiable within a

predictably repeatable envelope.

o The neutral body posture should be taken into account in future

designs of worksites and other manned interfaces to allow for the

most efficient man-machine relationship possible.

e Worksite designs that ignore the postural implications may present

interfaces that are "workable" but the crewman's efficiency and stay

time at that station may be adversely affected.

o Excursions outside the neutral posture envelope are acceptable for

short periods of time, but prolonged deviations combined with

strenuous tasks should be avoided.

o The type of task being performed will definitely influence the tendency

for the body to migrate toward the neutral posture; i.e., long-term

monitoring tasks (like ATM operations) will tend to encourage the

posture while more active tasks requiring frequent and multiple head

and arm movements outside the neutral envelope will not result in an as

readily definable approximation of the neutral posture.
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CARR

_JERY

CARR

QUERY

CARR

It mlSht have been better because I% requires 1_hat you

get the finger In the - in between the vlcke%o to _hrow

a switch; whereas, If you bump it vt_ a root or eoaetalng.

it wlll protect It. But you've got em englneerln6 trsdeoff

there becLuse a whole bunch of wicket0 ate ouch much

heavier and spsce - use up a lot more sp_ce thee Just a

bar acroes the top.

True. You commented in the debriefing_ on the ATM foot

reetraint poaitio_ and the fact that it generally w_0

too high for all of you by about _Jor i0 inches. Did

you move the ATM foet restraint from its poeitiom stud

what position did you use?

It was _iI the wa¢, down, as far duwn as it could pt.

It was all the way down?

] ] [ I ] i ]I]

Yes. See the thing is your natural posture is eeeeatlall¥ -

0tending is Just very slightly bowed, with your back

hunched Just a little blt, your legs flexed Jult a little

bit. And what we ended up with was the eye level ritht at

the top of the pane_ instead of where we had had all of our

training where you're sitting in a chair and you're looking

at the p_n.el like %h!s. You had to look aZ it llke that.

And the s_ thing Jn the food ames too. You're not |iZtln 6

_26
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CARR

(cowr 'D)

PoGug

I I

down, and so ve ahoulSn'Z have put the food tables at the

aittinE down, chest level aoFt of thing. We should have

reco6ni_ed that people _ eating stan4tn4 up. And so

the upehot wu that at the food table and at the ATM panel,

you hLd to hunch down in order to get a decent level end - -

I I N I I

Tonme your abdomen.

III

CA_

mm

POC_E

Yea, but your abdoRen and your muscles tensed up and you

jumt got tired of it. What ve need %o do is remember

poeturLl situation up there and the fact that i% la quite

natural to be standing up, so you mi_% _ well get all of

your work surfaces and everything, your eating surfacea

up here.

m i i i i i i

And the thig_ restraint didn't help that any?

CARR Yes.

QUERY _'nat's one thing, which crewman's remtraint mthod# worked

best and worst? Did you have any?

POCA_ Triangle shoes.

CARR Oh, they vere by f_r the beet. yes. It took • _lttle

vhile to cat that eye that you need ao that you co_d

come rilht dc_n and put your 1Poor in • triangle and mr_p

It. You knc_, the first few weeks it was put your foot

b27
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POGUE

(CONT'D)

CARR

GIBSON

I I

FOGUE

none for the VTS operator. The one f,,r the material processin_

facility i di,ln't use on the gSl_ _equence.

For h87 I used the one triangle i_, the upper left-hand corner,

because that was the closest on,:. _" was poorly placed for the

furnace work.

I always wished tha,_ the ATM foot restraint were lower. We

all found that we were hunched over when we started operating

the Am. We got _ ]|ttle bett_'r _ we got used to hawing a

hi_er head position rel_tive to the panel but we alw&ys

seemed too hi_)'_ on th,: parr.;!. I w(_uld much rather have that

think gonP down _bout ( ".,, I; inches.

IJ I I I I I i I ti! t| tilt!

You tend _ _e',, _ ,:ramp in y,J'ar abd,_men from tensing, because

all the work stations were _et up For normal one-g worM. Your

body tends to h,_id _I.self erect, and even slighlly azchII%g the

back, so you _re always held away from your workstation. I

%hou6ht the aids around the N_)A a_ud STS were very poor. It was

very difficult to do som_, of the tasks which were req_ll'ed, In

fact I put up long straps, and ended up tying m_ ankles to

slnKle handholds, in order to have s good stable bo_f I)osi%io_

for doing some of the early work in the Coolmaol ilerwlclr,4

Ioop in p&r%Icular and for some of the EI_EP Instl-ullents'

ca/Ibrstl on&.

_I it i II _

12-32

i __ • i - - ,L - Llli , ,, t j i ! II ! !
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(CONT'D)

i i

POOUE

I_

GIBSON

CARR

felt that the experiment w_s time consuming and that it was

not producing any new data.

ill i

I have one comment on M131. When you are adapting things to

conform to the human body in zero gravity, you've got to be

careful. We found that the body normally wants to assume a

more or less erect, slightly arched attitude, and holding

yourself in a chair was difficult. The seatbelt helped; although

it was hard to adjust. The biteboard could have been better

if it had one more degree of freedom. I was never completely

comfortable. One problem was that the postural change made it

very difficult to adjust the height of the biteboard properly.

i i II II i i

Regardless of the individual's shortness, we could never get

the biteboard high enough in order to make it fit comfortably.

We were on the ragged edge of it coming out of the strut which

held it up.

When I was stuck into the biteboard, I felt like a horme with a

bit that's being reined in tightly with his chin being pulled

down towards his neck and the back of the neck being somewhat

arched. I always felt like my chin was being pulled down and

in, and my neck was being arched. It was rather uncomfortable,

and it was difficult to get away from that position.

II i

l&-lO
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!

350 lh 03 37 PLT

I I

350 lh 05 05 PLT

Let's see. I wasted one frame of IR checking it -

that is, mistakenly installed the film first. I

figured I'd better go ahead and make sure the thing

was working. And I hope it works today. Okay, I'm

looking - I do have somewhat of a horizon. By the

the way, a note for future design: This - Opera-

tion of this equipment is difficult because of the

hardware - I guess Just the design of it. It's all

a bunch of little bits and pieces put together and

it doesn't fit too well and the track drive is

rough and jittery and a lot of other things that I

won't go into right now.

i i i

But one of the things that really bothers you is

that you have to remain in a crouch position in

order to take these observations. This requires
continual muscle tension in the abdomen. So what

we've got here is a problem that not only is the

hardware not - not optimally designed or - Act-

ually, it's sort of poorly designed. I don't mean

to be critical; I'm Just saying it doesn't work

right. It doesn't work smoothly, it's not easy

to see what's going on, this ring track is lousy -

But that's beside the point. It does require an

awful lot of muscle tension to hold yourself in

position. We're coming up on time. Okay, you got

1 minute to go. Let me make sure I've got every-

thing working here. Here's the ring. Tighten

that Just a little bit. There, that's good. All

of a sudden I've lost everything. Okay, 15 seconds.

Okay, there's the horizon. Standby. Okay, 6h.

MARK. There's the start of the first exposure.

Also, because of the conditions you give us to

work, I have to use a flashlight and there m_y

be spurious light off of the window. Okay, I do

not have a reticle, so it's difficult for me to

track the horizon. Okay, completion of that one,

except - Okay, I'm sorry. That waa on 6h - 32,

and you got a 32-second exposure. Okay, starting

up at - second exposure at lh:07. They have to

leave that off. This is their problem. You have

to leave the timer off so you don't run the battery

down. I had to select this in semidarkness, so I

went to 32 instead of 6h. I have 6h set now and

it'll give you a good one next time. Okay, I will

do that at lh:07 right on the money. And that's
1 - h0 seconds from now. Let's see if I can do

A-IO



2272

007 02 22 46 PLT

007 02 23 32 PLT
I I

007 02 23 55 PLT

007 02 2h hh PLT

007 02 25 03 PLT

007 02 25 18 PLT

PLT

PLT

007 02 26 57 PLT

007 02 27 12 PLT

007 02 27 29 FLT

Okay, that's real good. Now let me record the

diopters here. I can - I can record this. I

got real good focus now. I start screwing around

with this - minus 1.5. How that's about what I

normally get. Okay, now, I'm going to take a
zero - zero bias on Sirius. And then If I start

setting up for Procyon and Rigel, I twist the

eye cup, I destroy m_ focus. That's my point.

Okay, 00027.

O003h. I still say - I don't care about twisting

this eyepiece or anything else. I still say body

posture is one of your big problems. I need to

have something to lean against. It'd have to be

a prepared station in order to use this thing to

the maximum advantage. Just putting your feet

in the floor is not good. You ought to be able

to lean against something and prep - and in addi-

tion to that, you ought to be able to put the

instrument against something to steady it. I

think you'd get highly repeatable results.

i , IIi i i il I

00021.

00022.

00020. The focus seems to have shifted or my

eye has.

Okay, now I'ii change that to minus i.I.

Minus - okay, that's - well, let's change the

focus back. Minus 2; let's see boy that works.

Try minus 2.5. No good at all. Minus 1.8. No

good. Minus 1.5, see how that looks ag&in. Well,

that eoul_ do it; I'm goin_ to have to llve with

that, I _uess.

00022.

That's good, 00021. See how far's that thing's

shifted?

O009h. Let's see, 000 - yes; no, I must have hit

the knob. It's way off. Disregard that one.

I'll be careful there.

A-11



PLT

I i I i

010 18 _9 35

PLT

PLT

PLT

PLT

010 18 50 20 PLT

CDR

SPT

CDR

SPT

CDR

PLT

CDR

8PT

PLT

SPT

2475

i

Okay, now let's see if we can do it. Okay, got

to go over to my left Just a little and undo my

belt one notch. Gee, I can't overemphasize the

importance of body restraint. We're using this -

getting good results out of this instrument, at

least, in de - decreasing the fatigue. It really

kills you. Yes, a couple or 3 inches difference

in foot position also makes a difference. You

ought to be able to move your feet around. So

the important thing is to have your body position

correct and your head in the right position to

look out the Astrodome window or whatever it is

you're using. Oks_, going to put in both filters.

Make sure they're in and - in other words - Okay,

that's 2.6. We call that the neutral density.

I i

Okay, stand by -

MARK. 55395.

I'm not helping your lunch. Sorry about this,

Ed. I can fill all these squares today, if I

get through here.

Stand by -

MARK. 55395. H_mI Same one.

Find it, Ed?

No, I'm sorry. No - I'll look for it later.

Huh?

No, I didn't, Jerry.

o

I've got the wrong star.

Pouches.

Pouches? Oh, I was looking for the other kind.

Let's see. Yes, there's Aldebaran. It should be

further avay than Rigel. It's at 59 degrees.

Ok_7, I got it.
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25h9

012 15 09 _0 PLT

0Z2 15 O9 55 CC

012 15 i0 12

012 15 22 15

012 15 23 36 CC

012 15 23 h6

SPT

PLT

CC

PLT

SPT

CC

PLT

PLT

PLT

CC

SPT

PLT

up for running and focused. I'm going to use the

neutral density filter. I don't see what purpose

the reticle might serve. Let's see here. Ooh,.

this is awfull,_ uncertain.

Gad. The old body posture getting me again. Let

me get n_ belt out. Otherwise, I'm going to get

all tensed'up here and not be able to do anything.

Skylab, Houston through Texas and MILA for
i_-I/2 minutes.

Hello, Hank.

... over Central America.

We didn't get a report on that last teleprinter

test message. How'd it look?

Yes.

Looks good, Hank.

Okay, thank you.

The Yucata_n.

Okay. PLT resuming TO02; had a little interruption

there. Well, let's see if we can get any horizon

trackings here. Man, this is really hard. Well,

I'ii tell you, body posture is extremely important;

not Just important, every - almost everything, being

able to stabilize your body. And it's Just part of

- that should be a major part of this experiment.

Stand by. Well, I don't have much faith in the

stability - you have three - you get a - the high

contrast in the types of images you can -
I I I

Skylab, Houston. We' re 1 minute from LOS. We' Ii

see you again at Madrid at 28 - -

Stand by.

- - dump the recorder there.

So long, Hank.

MARK. 0398&. Stand by.
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CATALOG INDEX M- 2 PAGE 5

SKYLAB MAN-MACHINE DATA FROM MISSION SL-II
FOR: M. MANUAL DEXTERITY

2. Muscle Group Use

MISSION DAY: 5 DAY OF YEAR:

MISSION TIME : 17 :41 :24 GMT
149 (CONTINUED)

CDR: I was really running out of gas, in fact I was using
muscles that I don't normally use down on the ground,

so I don't know whether I am going to get more effi-
cient or less efficient or what is going to hap,en.
So that is for whet it is worth. End of MO MITI

message.

II

MISSION DAY: 18 DAY OF YEAR:
MISSION TIME: 19:01:51 GMT

162

CDR: One of the other things that I've noticed is that in

holding ourselves while we're out here and doing our

tasks we really use our stomach muscles. It's really

interesting - I - the first three or four days that

we were up here we kept finding ourselves Just -

really holding our stomachs to hold the right posi-

tion - that you use your stomach muscles more than

anything else I think in holding wherever you are.

In working on it, whatever it is that you're working
On.

CC: Yeah, there's some pretty good physlological reasons

for that because normally all of the vertebral mus-
cles are on the back side to take care of center

gravity on Earth. And you really don't have much

required on Earth.

MISSION DAY:

MISSION TIME:

*****
I

20 DAY OF YEAR: 164

21:01:51GMT

I I I I

CC" Hey, Pete, would - be interested in any further com-

ments on the relative amount of work you might be

doing up there and what parts of the body are getting
IC?

I III
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C..ATALOG INDEX M-2 PAGE ii

SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR : M. MANUAL DEXTERITY

2. Muscle Group Use

MISSION DAY: 4 DAY OF YEAR: 323

MISSION TIME: (324)00:05:06 GMT

SPT: One thing I'm trying to do is to keep calves in shape
and two things there, Just move the triangles to the
very tips of the shoes, so that I have to use my

calves more and whenever I'm anchoring my feet in and
also I'm not tying the Cop 2 laces on the shoe so
that I don't get the extra ankle support from Chem.

MISSION DAY: 25 DAY OF YEAR:

MISSION TIME: 21:39:23 GMT

344

NOTE: MA87-3A

PLT: By the way, a crouching action is very dlfflculC in

zero-g, so if you design a foot restraint where

there's a posture requires a crouching action then

you're not helping us at all. In fact, it is a great

hindrance to have to go into a crouch because you

have co hold your abdomen very stiff and your legs -
muscles very stiff and you're at a constraint strain

even putting your on your shoes. When you bend down

Co put on your shoes - if you bend down it's diffi-

cult, if you pull one leg up at a time it's not too
bad to lace shoes.

I I I I II I I II I

MISSION TIME: (345)01:42:22 GMT

SPT: Hello. Welcome to Skylab 3. Since we got here we've

done an awful lot of medical experiments. And espe-

cially in the past week or two, they've started to

indicate that we're all in pretty good shape. As a

matter of fact, a couple of us are probably in better
shape than when we came. What we've attributed this

to is Bill Thornton's revenge, we call it. It's a

device for keeping the calves of the legs wlth a fair
amount of muscle bulk left in them. And thls has

enabled us to, we think, maintain roughly the same
muscle tone in the legs as we have on the ground.

*****
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CATALOG INDEX M-2 PAGE 14

SKYI.4_ MAN-MACHINE DATA FROM MISSION SL-IV

FOR: M. MANUAL DEXTERITY

2. Muscle Group Use

MISSION DAY: 68 DAY OF YEAR:

MISSION TIME: 18:08:46 GMT

022 (CONTINUED)

NOTE:

CDR:

MISSION TIME:

M487-2D
II

Okay, the muscle groups that you use the most in
postural positioning is your stomach muscles, I
think. For the most part, any pushing, shoving,
hauling, anything llke that Chat you do, you use the
normal sets of muscles. But I think for most llttle

work Jobs we do, where you want to be anchored, you -

you're always in sort of a crouch. Sort of a knees

flexed, butt down a little bit, shoulders rounded a

little bit - just, you know, kind of down a little

bit toward being in a crouch. And of course in

one-g, in something llke that, you'd be standing up

straight with your knees locked or something llke

that. Based on the considerations, I would suggest

that things like tool benches, work benches, be chest

high. That is, where you don't have to go into a

crouch to work since you can anchor your feet and

work with your muscles relaxed, relaxed instead of

pulled up a little blt. Cause it'll certainly make

you a feel a whole lot more rested when you've

finished your job. That's essentially it.

I I

18:54:32 GMT

NOTE: M487-2D

SPT: What major muscle groups - anywhere else, anywhere

else. About the only places I'm really workin_ most
of the time - well, also when I'm doing some oz these
TV 10X series, I got the television camera mounted on

the floor and the lights and everything else, and if

I'm bending down there all the time; it's a little

bit harder than one-8 because you don't have the

ravity holding you down. So I find myself with my

egs and my back getting tired. What major muscle

groups do you employ in zero-g as opposed to one-g?

Most of the time you don't employ many muscle groups
in zero-g except for the times you're trying to bend
over and get something and stay - and stay bent over.

(CONTINUED ON NEXT PAGE)

II IIII I I

A-16



CATALOG INDEX M-3 PAGE 22

SKYLAB MAN-MACHINE DATA FROM MISSION SL-III

FOR: M. MANUAL DEXTERITY

3. Postural Adjustments

COROLLARY EXPERIMENTS DEBRIEFING

PAGE _§-28 ,,

QUERY : Do you find that there is a neutral position

that the body seeks in zero-g when you're not

restrained? Does that tend to change as the

mission progresses?

GARRIOTT: It seeks one, but it doesn't change.

BEAN: Your legs tend to come up a little bit so that

they're partially bent. I estimate 30" from

being in a straight line with your spine, both
at the hip joint and the knee joint. Your

shoulders tend to shrug a little bit because you
don't have gravity holding them down. Your

muscles will tend to pull them up a little bit.
That's the only postural difference that your

body would normally assume.

GARRIOTT: Like a relaxed position in a swimming pool.

QUERY: Owen, at the ATM station you used the triangle
shoes standing, which made you crouch a little

bit to get your design eye?

GARRIOTT: Yes.

QUERY : I assume Jack did the same thing.

GARRIOTT: We all did approximately the same.

QUERY : From a design standpoint, is there any differ-

ence between the designing for the standup type

console as opposed to the chair type that con-
cerns the eye point?

GAKRIOTT : Working at the ATM panel is considerably better
than it is working in a chair in the simulator.

The most neutral position did tend to have my
eye approximately 6 inches higher than it would

be if I were sitting in the chair in the simula-

tor. You also have great flexibility by
(CONTINUED ON NEXT PAGE)
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CATALOG INDEX M-__33 PAGE 23

SKYLAB MAN-MACHINE DATA FROM MISSION SL-III
FOR: M. MANUAL DEXTERITY

3. Postural Adjustments

COROLLARY EXPERIMENTS DEBRIEFING (CONTINUED)
PAGE 26-28

GARRIOTT: extending your legs or crouching a little bit
and lateral variation enables you to cover the

whole panel more easily than you could cover it

sitting in a chair at the simulator.

QUERY : So the design eye is a little higher?

OARRIOTT : The design eye is a little bit higher. It is a

question of where we had the foot mounted. It
turned out to be approximately 6 inches higher

than we would normally work here.

QUERY: With no fatigue?

GAILRIOTT : It didn't produce any problems. If we wanted to

get closer to the scope it was easy to do by

bending out legs more. We had a little better

visibility at the top of the panel because our

head was a little bit higher. You can cover a

larger area conveniently with no fatigue than

you can in a chair.

I l l
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CATALOG INDEX M- 3

SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR: M. MANUAL DEXTERITY

3. Postural Adjustments

PAGE 24

MISSION DAY" 13 DAY OF YEAR"

MISSION TIME : 19 :39 :05 GMT

332

PLT: The posture I assumed was with one of my triangle

shots in the blue restraint panel that is under -

below the water tanks. And what I did - I put my

left foot in one of the triangles and my right foot

I stepped back between the water tanks, and maneu-

vered it around to hold my position. I'm fairly

confident that what happened was that I moved with

my foot. And I guess this Just points out once more
_he lack of wisdom in doing things in flight Chat you
never trained before - we had never trained for that

all we did was - we read the procedures first time,

we got ready to take those IR photographs and we're

oing through a learning ... probably wasted a lot of
ilm. And it was improper procedure simply because

it was completely strained to try to stabilize our-

selves. But the main point I'm trying to make is

that I am reasonably certain that 1 kicked the

pressurization valve off on water tank 3 while I was

maneuvering there taking those IR, shots.

MISSION DAY: 31 DAY OF YEAR: 350

MISSION TIME: 14:03:37 GMT

NOTE: S063 Operations

PLT But one of the things that really bothers you is that

you have to remain in a crouched position in order to
take these observations. This requires continual

muscle tension in the abdomen. SO what we've got

here is a problem that not only is the hardware not
optionally designed, actually it's sort of poorly

designed. - - It does require an awful muscle ten-

sion to reach up in position.

*****

I I I I II I II I III I I IIII I []
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CATALOG INDEX M-3 PAGE 25

SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR: M. MANUAL DEXTERITY

3. Postural Adjustments

MISSION DAY: 46 DAY OF YEAR:

MISSION TIME: 19:20:34 GMT
365

NOTE: T002

PLT: ... awkward angle I have here. The eoncern's with

all wrong probiems. The lighting - there's no prob-

lem. The concern is getting your body in the right

posture. You have to work for the sextant; the sex-

rant does not work for you, you've got to turn

sextant around at the right angle. That seems to be

the biggest stumbling block to the operation so far.

Let me see. Focus, focus, focus. Oh, knocking
everything off the walls here. Sure don't like the

instruments in zero-g. Body position is the biggest
irritation right now, getting the right body posi-
tion. You have to work yourself around so that you
get your body in the right position and line up.

Oh, my god. Overshot again. 38.551, and I think
that's a bad reading. Muscle cramp. I'm getting

muscle cramps in arms and in my legs from trying to

hold my body in the right position to angle between
the two stars .... that all this over concern about

lighting and everything is just a ... red herring.

That's not the problem at all. The problem is get-

ting to a body position so that you can hold the

sextant properly oriented between the two stars.
Okay, I'ii change my body position; let's see if I do

any better. Making sure I've got - put ... in there.

Oooh ... Nope, I sure don't. Have to go back to the

floor. Not complaining; I'm Just saying that that
affects the results.

MISSION TIME:

NOTE: M487-2C

21:59:41 GMT

IIII I I I I III

PLT: Discuss both the beneficial and the detrimental

effects of zero-g on the following types of activi-
ties. Individual work activities while restrained at

a specific work location. Okay, if you're restrained

(CONTINUED ON NEXT PAGE)

|
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CATALOG INDEX M- 3 PAGE 26

SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR: M. MANUAL DEXTERITY

3. Postural Adjustments
|I III[[ I [

MISSION DAY: 46 DAY OF YEAR: 365 (CONTINUED)
MISSION TIME: 21:59:41GMT

| I

NOTE : M487- 2 C

PLT: in zero-g, the only disadvantage of zero-g is the up-

right preference of the body posture. If you are

hunching over an object, like we do at the SAL a lot,

that's an awkward posture. Zero-g can work against

you as well as for you. It tends to straighten you

up, so if your work posture is a crouched over or

bent over position at the waist, then you're expend-

ing extra energy and zero-g is hurting you.

MISSION DAY: 52 DAY OF YEAR: 006

MISSION TIME: (007)02:23:55 GMT

NOTE: T002

PLT: I don't care about twisting this eyepiece, or any-

thing else. I still say body posture is one of your

big problems. I need to have something to lean

against. It has to be a prepared station in order to

use this thing to the maximum advantage. Just put-
ting your feet on the floor is not good. You ought

to be able to lean against something and in addition

to that, you ought to be able to put the instrument

against something to steady it. I think you'd get
highly repeatable results.

Ill I I II I I I

MISSION DAY: 55 DAY OF YEAR:

MISSION TIME: 12:02:38 GMT
009

NOTE: T002

PLT: One of the things is getting my fingers off the knob

without moving it; that's a problem. Particularly

when you hold this in the awkward position, sideways,
like I am between these two stars. They're left to

(CONTINUED ON NEXT PAGE)
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CATALOGINDEX M- 3

SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR : M. MANUAL DEXTERITY

3. Postural Adjustments
I

MISSION DAY: 59 DAY OF YEAR: 013

MISSION TIME: (014)02:47:51 GMT

PAGE 28

NOTE: T002 Use at Wardroom Window

PLT : The main problem is the one I mentioned earlier, and

that is you have to strain against the l-g tension

muscles to get the instrument in a favorable posi-

tion. Now sighting angle requirement is another
thing. Now that can also lead eo your leaning over

to one side or to the other, or trying to get high or

low around the window. In any event, all of these

things work together to fight the operator. The

operator is fighting himself continually; in other
words, it's very easy to find an optimal eye instru-

ment position. It's very difficult a lot of times to
hold that orientation. Now I've also noticed when I

hold the instrument - when I clock the instrument

around in order to get the proper mirror angle, that

is, to bring the plane of rotation of the mirror

along the line of sight between the two stars or
whatever it is, that I find it much more difficult to

make the observations when I'm holding that thing at

90 degrees. Now I think that since that is more dif-
ficult for me personally to do, I think the posture

problem aggravates that. However, that's another

problem all by itself.

MISSION TIME: (014)02:51:40 GMT

NOTE: T002 Use at Wardroom Window

PLT: I can't overemphasize the influence I think body pos-

ture and postural stability has on the accuracy that

you're able to get with a - with the handheld instru-
ment like this. And I think that - I wasn't meaning

to carp. I was trying to point out what I thought

was a very valuable point in that it's got to have

help in holding your body in the right position in
stabilizing the eye and the instrument at the riglht

position in that window. And if you can accomplish

that, and you don' t have to worry and concentrate on

that, then you can do much, much better Job of making

the slghting.

I I I I _
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CATALOG INDEX M- 3 PAGE 30

SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR: M. MANUAL DEXTERITY

3. Postural Adjustments

MISSION DAY: 68 DAY OF YEAR:

MISSION TIME: 12:15:54 GMT

022

NOTE: M487-2D

PLT: Number 2, what postural adjustments you have to make
in order to accommodate task performance in zero-g?

Numerous. Taking stuff out of the dome lockers, you
might think, well that wouldn't be too bad, because

you've got that blue ring. Well, it's not true, be-

cause most - a lot of time in order to get to the

equipment that's located in some of the llds you have
to come out of the - the blue ring foot restraint and

work op - in the open. And there, in the alrlock is
hard to work, because there are no foot restraints.

The STS and the MDA are very difficult locations in

which to work with tools, because of the great lack

of foot restraints and body restraints. And this

means that you end up use - using your body against

whatever things - whatever pieces of hardware are

available. And I have experienced numerous cuts and

bruises and so forth in trying to stabilize myself

while I'm working with tools or just with installa-
tions.

MISSION TIME: 18:07:24 GMT

NOTE: M487-2D

CDR:

MISSION TIME :

What postural adjustments have you had to make in
order to acconraodate task performance in zero-g?
What major muscle groups do you enjoy in zero-g?

What would you offer as design recommendation for
future vehicles based on these considerations?

Postural adjustments. I guess - we find ourselves

kind of working everywhere we go - -
_J_ I II i i III

18:53:50 GN'r

NOTE: M487-2D

SPT: Postural adjustment is question number two. What

postural adjustment have you had to make in order to
(CONTINUED ON NEXT PAGE)
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CATALOG INDEX M- 3 PAGE 31

SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR: M. MANUAL DEXTERITY

3. Postural Adjustments

MISSION DAY: 68 DAY OF YEAR:

MISSION TIME: 18:53:50 GMT
022 (CONTINUED)

NOTE: I_87-2D

SFI': accounodate task performance in zero-g? First one £8
at the ATM panel, I wish that the flooring was a
little bit lower there. I found myself having to

painfully bend over, was much worse at the beginning
of the mission when I was used to the simulator.

Now, I'm used to working a little higher eye level on

the ATM panel, but I still find myself bending over

and that is somewhat of a problem.

*****

Ills I I i I I I
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CATALOG INDEX M- 3 PAGE 35

SKYLAB MAN-MACHINE DATA FROM MISS ION SL- IV

FOR: M. MANUAL DEXTERITY

3. Postural Adjustments

COROLLARY EXPERIMENTS DEBRIEFING
PAGE 47

NOTE : T002

POGUE: .... What I consider a constraint on manual opera-

tions is that the body tension is built up while

holding a preferential posture for the operation
at hand. If you don't have something to hold you

in a good posture for making the observations,

then your abdomen and related muscles get fatigued

and you make big mechanical errors. This tiedown

was to obviate that problem.

EREP DEBRIEFING

PAGE 75

QUERY : It appeared that a chair, as we know a chair, is

not a very useful device.

GIBSON: What a chair does for you down here is take the

weight off your legs, 5ut need that upyou don't
there.

QUERY : You said that it would actually be an effort to

hold yourself in a chair, is that right?

CARR : Yes, the 131 chair is a case in point. We Just

actually had to strap ourselves into that thing

because our body didn't naturally bend 90 degrees.

GIBSON: I think your previous observation is more impor-
tant. You have a much wider range of reach. And

we've found this true in working everything. For
ATM we had checklists and cards all over the place

which I could reach by bending one knee or the

other. You could work around a whole sphere,

essentially; the chair was very limited.

i i i
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SKYLAB MAN-MACHINE DATA FROM MISSION SL-IV

FOR: M. MANUAL DEXTERITY

3. Postural AdSustmentsI I I

EREP DEBRIEFING (CONTINUED)
PAGE 106-107

PAGE 36

POGUE:

WHITSETT :

I had the feeling it was a little harder, but I

attributed it to the fact that our seated pos-

tures gave us a distorted dimensional matchup

with whatever we were working, either the 131

chair or the 509. I'm not making that as a

positive statement, but it's a feeling that I
had. When I was at Denver with the simulator

and I made the adjustments on the arms, I was
happy with them. It seemed like all of a sudden

my arms were 3 inches longer than they used to

be. I didn't have enough adjustment.
I

Do you have any idea why you felt you couldn't

get your hands in close enough to reach the
controllers?

POGUE : They were in too close. I wanted to be able to

extend them out further and operate them like

this, and I felt like I was operating them llke
this.

CARR: I didn't feel that, of course.

QUERY : I noticed you had them on E position, which

still had about 2 inches of displacement.

CAP,R: What position did I use in training? Do you

have it written anywhere? Is the E position I
had in flight a little farther out than what I
had at Denver?

QUERY : I don't have that available.

CAl_: I'm guessing, but I'II bet it's a little farther

out. It might Just be a postural thing.
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FOR: M. MANUAL DEXTERITY

3. Postural Adjustments
I I

ATM EXPERIMENTS DEBRIEFING
PAGE 38- 39

PAGE 37

POGUE :

GIBSON:

One of the things that is very important is body

posture; that is, where your head ends up when you

have your feet nailed down some place. We've

addressed this in the technical debriefing.

We all found that the grid underneath which you

put your feet into could never go down far enough.

When you stand up, your head comes to the top of
the panel. Therefore, to get into the nominal

operating position you're always leaning over and

straining to lean over. That got tiring after a

period of time, so after a while, you learn to

operate looking down on the panel.

CARR: You get the impression, looking at that panel,

that it was designed for a person to sit down at
in one-g.

GIBSON: There's no way anyone could sit in a chair and

operate it. We were always having to go over to
the STS panel; we had to lean back to look at all

the S055 information we had pinned up on lockers

in the back. We had to lean over to the right to
pick up Polaroid cameras or to reach the VTR.
Furthermore, we wanted to move around when we

were there for a long period of time, and a chair
wouldn't permit that.

CARR: I guess you get the picture; we didn't use the
chair.

*_k4rk

EXPERIMENTS M487 & M516 CREW DEBRIEFING
PAGE 6-7

QUERY : We noticed that, when given proper foot restraints

llke the triangles, when you worked in front of a

work station or console that did not require much
mental effort, you would adopt a semi-stand or

(CONTINUED ON NEXT PAGE)

II I I II l I I I I I ii i [i Innnnl , mll i , ,, • ,,,,,,=,

A-27



CATALOG INDEX M- 3

SKYLAB NAN-MACHINE DATA FROM MISSION SL-IV
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3. Postural Adjustments
I

EXPERIMENTS M487 & M516 CREW DEBRIEFING (CONTINUED)

PAGE 6-7

PAGE 3_88

QUERY: crouch position. It seemed to be the most com-
fortable and you had more reach and more range
than if you had been seated in the chair in a
normal manner and that the designed eye position

in this situation was a little higher and had a

very fair amount of flexibility. Now this lus-

Kests to us that at work stations, we'll have to

revise our handbook engineering data for heights

of the counter top.

CARR: The crouch position that you come to is the

natural one. We found that in the ATM, you had to

pull your stomach in and use your muscles to pull

yourself down where you should have been and that

was uncomfortable. It was the same thing with

eating. We finally all agreed that the tables

were too low because you had to pull yourself down

to be in a good eating position and if they'd have

been chest high tables, it would have been more
comfortable.

GIBSON: If we could have had about another 6 inches on the

ATM foot restraint for adjustment downward, that
would have done it, too.

POGUE: Eye level was just about the top of the panel when

you were in a comfortable posture.

CARR:

I I

POGUE :

That observation is true and the important thing

is to understand what the normal posture is and
then work to that.

I I
I I I I

You've got all those pictures, haven't you?

CARR: Yes. You have a lot of medical pictures, too.

PAGE 16

GIBSON: When we would move around in the workshop, we

assumed a curled-up position and pulled our legs

(CONTINUED ON NEXT PAGE)
NASA-JSC

A-28






